Atty. Dkt. No. 030307-0191 
ApplNo. 09/673,617 



REMARKS 

Applicants respectfully request reconsideration of the present application in view of the 
foregoing amendments and the following comments. 

Claims 1-4, 6, 15, 16, 20, 21, 34, and 35 are amended presently. Additionally, claims 41 and 
42 have been added. Applicants request that the examiner enter the above claim amendments and 
new claims as no new matter has been added. In particular, exemplary support for new claim 41 may 
be found in the original claim 1 as well as the specification on page 7, lines 28-30. Support for new 
claim 42 may also be found in original claim 1 and page 4, lines 25-29. Finally, support for the 
amendments to claim 1 may be found in the specification on page 1, line 34 - page 2, line 8, and page 
4, lines 16-20. Upon entry of this response, claims 1-42 will be pending, 

I. Rejection under 35 USC S112 

A. Rejection for alleged lack of written-description support 

Claims 1-29, 3 1-40 are rejected under 35 U.S.C. §112, first paragraph, for failing to comply 
with the written-description requirement. The examiner argues that "the instant specification teaches 
the construction of two plasmid replicons" but does not teach the structural/functional characteristics 
of all of the potential variations of these vectors. Applicants respectfully disagree. 

Applicants have amended claim 1 to cover a vector comprising: 

a. lactic acid bacterial DNA; 

b. a gene coding for an amber suppressor which is a tRNA comprising the CUA anticodon; and 

c. a replicon making the vector capable of replicating in a lactic acid bacterium; 

but lacking an antibiotic resistance gene. 

The specification describes in detail each of these structural characteristics. For example, the 
specification describes the claimed vector as lacking an antibiotic resistance gene on page 1, line 34 - 
page 2, line 8, and page 4, lines 16-20. The specification also describes sources of the DNA material 
for the invention, page 6, lines 15-19. Additionally, the specification also discloses the various 
mutations of the amber suppressor suitable for the invention, page 6, line 28-33 and provides various 
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examples of suitable suppressors on page 8, line 12-34 of the specification. Finally, the specification 
provides examples of replicons capable of replicating in a lactic acid bacterium on page 9, lines 25- 
30, along with the size of the claimed vectors (page 10, lines 12-15). Furthermore, one of skill in the 
art would know how to select a replicon capable of replicating in a desired bacterial strain. See 
Bolivar et al. 1977, Exhibit A, and Pedersen et al 1994, submitted as IDS, A 17, Exhibit B. 

Accordingly, applicants* specification provides a clear indication that applicants, at the time 
their application was filed, possessed the claimed invention. 

B. Rejection for alleged non-enablement 

Claims 1-40 also stand rejected under Section §1 12 for allegedly failing to satisfy the 
enablement requirement. The examiner found that the claims cover a broad genus of recombinant 
vectors and, hence, that the skilled person would not be able to determine the additional vectors that 
would meet the requirements of claim 1. Applicants respectfully disagree. 

As explained above, applicants have amended claim 1 to clearly describe the structure of the 
claimed genus. Thus, one of skill in the art would easily be able to obtain the claimed vectors using 
only routine experimentation. Additionally, a person skilled in the art would know how to test a 
particular vector and would easily recognize whether this vector falls within the functional 
characteristics of the claimed vectors, i.e. being stably maintained in an industrial useful strain, 
substantially not causing growth inhibition and reducing acidification in a broad range of host strains. 
Specification page 4, lines 16-20 and page 4, line 31 - page 5, line 13. 

Furthermore, as requested by the examiner, applicants have amended claim 15 to remove the 
"mutants, variants and derivatives" language from the claims. Given the specification's description 
and the clearly defined scope of the present claims, both set forth above, one of skill in the art would 
be able to practice the claimed invention. 

Finally, per the examiner's request, applicants have attached a declaration by Jan Skouv that 
states that the biological materials necessary to practice the invention are deposited under the 
Budapest Treaty and are available for use. See attached Exhibit C. 

Therefore, one of skill in the art is able to practice the present invention without undue 
experimentation, hence, the present invention is enabled and that this rejection should be withdrawn. 
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C. Rejection for alleged indefiniteness 

Claims 1-40 are rejected under 35 U.S.C. §112, second paragraph, as being indefinite for 
failing to point out and distinctly claim the subject matter that the applicants regard as their invention. 
Accordingly, applicants have amended the claims per the examiner's requests. 

Specifically, applicants amended claim 1 to clarify the structural characteristics of the 
claimed vector i.e., a vector "comprising (a) lactic acid bacterial DNA, (b) a gene coding for an 
amber suppressor that is a tRNA comprising the CUA anticodon, and (c) a replicon making the vector 
capable of replicating in a lactic acid bacterium." Also, claim 41(ii), formerly claim l(ii), has been 
amended to specify that the DSM 12109 strain is used to compare the functional properties of the 
claimed vector against the functional properties of the parent strain and to clarify the acidification 
rate variation allowed between the parent strain and the strain containing the claimed vector. 
Additionally, claims 4, 6, 10, and 20 were amended to recite "obtained from" rather than "derived 
from," claim 6 also was amended to cover "a heterologous promoter" rather than "a promoter not 
naturally related to the gene," claim 1 5 was amended to remove "mutants, derivatives, or variants," 
claim 16 was amended to recite "further comprises," claim 21 was amended to specify that the gene 
product is "a part of the nisin synthesis pathway or leading to nisin resistance" and claim 34 was 
amended to recite "per gram composition." Finally, claim 35 was amended to comport with proper 
claim structure and language and to clarify that claim 35 covers the "use of a the composition ... as a 
starter culture in the preparation of a product." 

Separately, the examiner found that there was not a clear antecedent basis for the phrase "the 
gene product" as used in claims 16 and 18. Applicants respectfully disagree. Amended claim 16 now 
provides proper antecedent basis for the phrase "the gene product" as used in dependant claim 18. 

The examiner also found that claims 32 and 33 were vague and indefinite because they recite 
the phrase "pure culture." Applicants argue that "the phrase "pure culture" is clearly defined on page 
12, lines 5-6 of the specification, as a culture containing biomass of one single isolate of a lactic acid 
bacterial species, i.e., a clone originating in principle from one cell. 

Applicants believe that the present claims clearly define the subject matter of the present 
invention. Therefore, applicants argue that the above rejections should be withdrawn and the present 
claims allowed. 
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II, Rejection Under 35 USC §101 

Claim 35 is rejected under 35 U.S.C. §101 because it is not a proper process claim. As 
explained above, applicants have amended claim 35 and believe that it is now written in proper claim 
format. Therefore, applicants believe that the present rejection should be withdrawn and the claim 
allowed. 

III. Rejection Under 35 USC S102 

Claims 1-4, 7, 9-16, 22-24, 28-29, 31-33, and 36 are rejected for anticipation by Dickely et aL 
Applicants respectfully disagree. 

At the outset, applicants would emphasize that the specification defines a "food-grade 
vector" as a recombinant vector that "consist[s] essentially of lactic acid bacterial DNA" (page 2, 
lines 1 1 & 12) and that lacks an antibiotic resistance gene (see page 4, lines 2 & 3). By the same 
token, amended claim 1 recites a vector that lacks an antibiotic-resistance gene but that does comprise 
(a) DNA from lactic acid bacterial origin, (b) a gene coding for an amber suppressor that is a tRNA 
comprising the CUA anticodon, and (c) a replicon that renders the vector capable of replicating in a 
lactic acid bacterium. In contrast, both of the cloning vectors disclosed by Dickely et al (1995), 
pAK89 and pAK89.1, contain a gene coding for erythromycin resistance. 

Furthermore, the Dickely reference does not anticipate a recombinant vector "consisting 
essentially of lactic acid bacterial DNA" (claim 42). The Dickely vectors, pAK89 and pAK89.1, 
contain not only a gene coding for erythromycin resistance but also DNA from E, coli, along with 
DNA from a lactic acid bacterium (see Dickely 's Table 3). As evidenced by the specification, e.g., at 
page 1, lines 23-32 and page 2, lines 10-12, the presence of the E, coli DNA disqualifies the Dickely 
vectors for food use; that is, they are not "food grade." It is apparent, therefore, that a vector 
"consisting essentially of the constituents recited in claim 42 would not include DNA, such as E. 
coli DNA, that affects so material a characteristic as its "food grade" quality. 

For these reasons alone, claim 1 and claim 42 are separately patentable over the prior art 
illustrated by Dickely et al. More generally, applicants would emphasize that the presently claimed 
invention distinguishes over the art because the recited cloning system is stably maintained and 
useful in any industrial lactic acid bacterial strain, in contrast to conventional cloning systems. In 
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addition, the claimed cloning system does not cause growth inhibition and reduces acidification in a 
broad range of host strains, especially in industrial useful lactic acid bacteria. These characteristics 
make applicants' claimed vectors useful in the manufacturing of food and feed products. 

In fact, at the time of filing the art taught away from the use of an amber suppressor, since it 
was conventional wisdom that the amber suppressor would cause growth inhibition since this was the 
result seen with an ochre suppressor. Furthermore, at the time of filing for the present application, 
the whole lactic acid bacteria genome was not known; hence, one would not know how many amber 
stop codons (UAG) an amber suppressor would recognize in a cell, compared to an ochre suppressor. 

In summary, the present claims do not read on the cloning vectors taught by the cited 
publication, and so the subject matter of the claims is novel over the art at the time of filing. 
Applicants therefore submit that this rejection should be withdrawn. 

IV. Priority 

Applicants submit, herewith, a new application data sheet, Exhibit D, which properly reflects 
the present application's priority information. Additionally, attached as Exhibit E is a copy of 
PCT/IB/304 indicating that the International Bureau received a copy of each of the priority 
applications on May 12, 1999. Therefore, applicants do not believe they are required to submit 
additional certified copies. 

CONCLUSION 

Applicants believe that the present application is now in condition for allowance. Favorable 
reconsideration of the application as amended is respectfully requested. The examiner is invited to 
contact the undersigned by telephone if it is felt that a telephone interview would advance the 
prosecution of the present application. 
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The Commissioner is hereby authorized to charge any additional fees which may be required 
regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, to Deposit 
Account No. 19-0741 . Should no proper payment be enclosed herewith, as by a check being in the 
wrong amount, unsigned, post-dated, otherwise improper or informal or even entirely missing, the 
Commissioner is authorized to charge the unpaid amount to Deposit Account No. 1 9-0741 . If any 
extensions of time are needed for timely acceptance of papers submitted herewith, applicants hereby 
petition for such extension under 37 C.F.R. §1 .136 and authorizes payment of any such extensions 
fees to Deposit Account No. 19-0741 . 

Respectfully submitted. 

Date 3^ Q^Cj&Wx^s>^DnQ V By 

FOLEY & LARDNER LLP Stephen A. Bent 

Washington Harbour Attorney for Applicant 

3000 K Street, N.W., Suite 500 Registration No. 29,768 

Washington, D.C. 20007-5143 
Telephone: (202) 672-5404 
Facsimile: (202) 672-5399 




002.1319028.3 



13 



.Tills Week's CHatkm Classic 



BofivarF, RodrieMi R U Grtent P J, Bctfai^MC HeynefcerHU BoycrHW, 
Cro» J H A FaJkow S. Constrmion and chsncterization of ntw cloning vehicles. IL 
Anniltipiffposcclomitgiytteiti. Cnt« 2:95-113, 1977. 
(DepBRmou of Buicfaemistr>' aod Bni^ystcsn UoivcfRiy of Ck&GMnit. Saa Fomeisoau CA1 



Ihe pbfmid was one a (he Am oeitiOed eK2 
multipurpose cloning vectm to, be awaa btejor lhe 
efficient cVuikw ind pwpiMlion of nconrfUnant 
motecutes in adm i cl^ cm. Thii DMA molecule 
has been ex«nsi«ely used became d in timplictty 
end the xvaUabiliiy at H nudebtide semjence since 
the earty dUy*. Ibday^ pBR.-22 Is fitill used as a fflolsc- 
ulaf domng vehicle, ahhwgh more advanced vecton 
have been developed rrom it' {The SO* indlcaies 
that iMs paper has been cited In mofv than 
g^tlutnns, maldng Ii the nx»n<tted paper ftom thh 



Multiinifpoie Toots in Molecular BbSogy 

frandico BoGkar Zapata 
Gcniro de Investigacidii Strive InftnMib 

CenMo y BtotecRologlii 
UNvenldad Nadonal Aiil6nania de Mhko 
Cucmsnca, Mordof 62271 



lone U« 1990 

Sf ytifi cart -adwapcef fa) icleotlfic eodeavon are 
4ham aooovplisfied aoter K work b supported by 
eflldenl looli and mediodbloglei. Tbc iniUlly to 
ooRcittinUeasliisdnitffic research, doe to metth 
odotogy ftnlufionv way be c|ulle fruttiatJf^ There* 
hn, wrthoA a nd rcae aidi tooh are uawBy wtject 
lo evolution dienveh^ so their icOnenMut fae- 
comef a stattf^aiped of icieitdfic propen. The 
ftofy of the desin cooilfuction, and characttrinh 
aoa of (he inulupuipofe (ioalot vcUck; die pla»- 
mM pi8322, 1i an Mampk of thd notioa 

m the eariy dayt of msieettUr doning, ptaimld 
vedort ytfwn pooriy duractenzed: Tliey cxhifailed 
high molocular and were devoid of oonve* 

nSoit donbig sites. Utlte was bnowo about (hdr 
ktOnk katum, wdi at staUOtit cod^ proper- 
dew «td ftmclbu, Thb was the scenaivo when 1 
lotafld Heibcrt 8oyer^ group af the Unbenity of 
O&anSa, San Fraodsco. tn 197i Thh gvotm was 
cainpoMrf of tmrcnl bri^ tclwitlA (m dl^rml 
oourtriea wofldng hafd on Che iiolafiDo and cnaaip* 
ulatiM of spccffic gcncL Howcw, pto^ bi Ac 
work was dam, X beHem mainly benuae of Ondted 
lod^ porttcBbify the dooing vectors ad low pit- 
fily ttllrid ic ii cndoaudeasci aaKl T4 DMA 
ipeMtabliv tome of the raeinbers of the laboratory 
decided lo Moik towards die dodopwe m of new 
and dior<e eWdewt loohL 

UiSOkp Herb Boyer was not very keen on the 
idet of cmHrticftig a new vector becnae we al> 
■tidy had pMBl «o mort of dib work was done 



duriu^i 
pS>322 



pftMP was cons&iiCCeit be became a ibtMg sup> 



porttr ol the new dooliM vthlde and made h 
reoifily availaUc to the ■deetific cnnRnnft); Ihe 
pbsmid was dtrtribcted tp over 100 Ubuijmtletafl 
over dte worU dning those caily days. I tfrondy 
befini ifcatjfa was ono of the ffcanm fdcntSti 
adopted aBB322 ai a owmber of ftelr tabs.' Comw 
nimoe of doan^ paX322 by nactivBtian of anlflw- 
otic icsIstaKe gMe% and varfau imhpif rrtffirtfnn 
die^ oflered a shmile way to detigi e sp ei lmciUi 
and a rapid analysis of resufa, readerte paA322 
~ " superior lo &B parental ptaasiidt pMB9. 

we^ safchr of d»e doatni pvocedertt was 
(ben In the mtmfc of miSiom^ amTiARSZZ was hoBt 
with a h^ dmfnished atttiry to propagtti out* 
ildc bbontory ceils. In Cict Ikis was ihc rtnrt enm- 
olc of aa 6Q tystan to be certified as safe accord- 
W to Ae Natiwial Institutes of He^ lecombbiam 
DNAyiidafinei, VMOf, the doddatioo ef dw com- 
of p6K322 two years 
at Mfly CObern lab> 



quhe 



pletc Bidcotide 
later by 



t f0 Its pQp(^^rii|^ yiddnig wm.' 
I dedgn more veraitfe and prccftt* Ihc 




the cn^Bd of 
bde isntoaodculy I9aas: «li was, 
t ibeam madtne of a plasnttd.'* 
a decade. pBBU2tsitfll being 
used b a bige variety of ways. Most impar ^ 
dds OMdt^rpow doniiig vedor has been i 



wed as 



(he parentd piaswd of many spedaa 
otilxMl lodaw not only 6* fiiMcftit cofi: hot ako 
br latorspedes shuttfe wecfors. tti origin of rcpfica- 
tioAr com rnloai, stmcturil (eatery and (bnc- 
fioial capdUBfiei have been to extensivdy studied 
dm pirB of pB8323 contbaie to be nscd as coomo- 
ttcnts tor die d e w dopm e id of new plasnUds.* The 
paper desoibfa% the oantrocdon of plll22 be- 
came a OMfao Oaak ton Howcm^ it is 
moremeankigfuItDmeihal Ibrofigbat paper it not 
fcferred to anymore hi a large oamr ol papcn; 
pffdqn bavhig achieved wide recnnUon* 

HnaByv as my good friend Pierre t iid d quoted to 
me onc^ "-.a myth starts when dw same character 
bdoogs to move than one story.' pl8322 has now 
tranccndid the watts of mokcubf Ualogy bbar»< 
torvcs. tts rertrklion tnap fa exhflittod hi waCches 
dntrOiuted by loebrtoger Maonheinv and <«ra a 
fam story has bcea pubBihed regarding one of tht 
dcrivatnes of p6K]22i '.jQne Ay, a messei^of 
King PebearinsCOCXXII ceokethfot^Cofiboraiigli 
upon Tweea and told die v9bgers alKMd ihe «eat 
raldbftimediai hj»d bdUlen tfieUng. A stiangeVtue 
Qght had been seen to the palace one nl|^ and die 
oett momtog Princefls Ctonia had not appeared tor 
kiBCh.** 



I. Batoa P. Sofrcm X. 9«crte» C Zarld M. I^modl It, W8t F. Flora ft 4 lafifv F. rUnflid «morpBRJ2:«Ml 

kifpceUl-pcrpescdcfividtrti^fttvim g**m S0«)-4a 19*6. (Ciwd JS linm.) 
7. •otttarP. ncmidp8IU23:ihBmsli^irponcloatatvecUL feaa lOM-K I9M. 

3. Sntdim J a Coaipteti miclemtti ae^icttci of ttti CrAciMAi etH (dumid pBUn CoU ipHan HcrivrStnp. 

Qmm, Bial. AlTI^ 1979. fCiltj 14)20 timn.!* 

4. Hal S S. tmninblepmien. Tkt mcv to j^mSncr • faoRM gM, ^VtAmguM. DC. Ibmpoi BobIcs, 1^1. 

3. CarflfM a. The uHictri aaa cited ia 1961-IWl 4, lOO additicmst CihukM Cbjm%. Cnmi Camemr »4ttrJ-9. 
I Octoter 1984. 

4 CMatsltiK. H0»&nkToaPtasnitf»MilRrkaadidrPrincMiCloati. TrndiBwcktm. Sci MthW. m\. 



12 



I l/L I 



S/V uoiuiH'JMO 



ZCM t *OOZ/Zt/St 



Mol Gen Genci (1994) 244:.174-382 



(O Springer-Verlag J 994 



Morten L Pedersen * Kim R. Amved • Eric Johansen 

Genetic analysis of the minimai repiicon of the Lactococcus lactis 
subsp. lactis biovar diacetylactis citrate plasmid 



Received: 8 October 1993 / Accepted: 15 February 1994 



Abstract Using a combination of mutagenesis with the 
transposon yS and polymerase chain reaction sub- 
cloning, the essential elements of the replication region 
of the Lactococcus lactis subsp. lactis biovar diacetylac- 
th citrate plasmid have been identified. An open reading 
frame, coding for a protein with homology to Rep 
proteins from other Lactococcus plasmids, is essential. 
This protein is crans-acting and could not be replaced 
by the Rep protein from another Lactococcus plasmid. 
A second open reading frame immediately downstream 
from the first could be removed or inactivated with no 
apparent effect on plamid replication. A region con- 
taim'ng two 10 bp direct repeats and three tandem re* 
peats of a 22 bp sequence, immediately upstream of the 
essential open reading frame, is also essential and prob- 
ably includes the origin of replication. A 181-bp DNA 
fragment containing this re^on was sufTicient to allow 
replication in Lactococcus if the /raru-acting protein 
was provided on another repiicon. Single-stranded 
replication intermediates could not be detected, suggest- 
ing that the citrate plasmid uses theta replication rather 
than rollLng<ircle replication. 

Key words Lactococcus • Citrate plasmid 
Minimal repiicon - repB 



Introduction 

Lactococcus lactis subsp. lactis biovar diacetylactis is an 
important component of mesophiUc starter cultures 
used to produce buttermilk and cheeses with small holes 
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(eg. Danbo, Havarti, and Gouda). These bacteria fer- 
ment citrate and produce important flavor compounds 
such as diacetyl (Marshall 1987). 

The ability to ferment citrate is dependent on the 
presence of a plasmid (Kempler and McKay 1981) con- 
taining the citrate permease gene (David et al. 1990). 
This plasmid is highly conserved in L lactis subsp. lactis 
hiovhT diacetylactis {G^sson and Davies 1984). Identical 
sizes and restriction maps have been found for the cit- 
rate plasmid from a number of strains (Kempler and 
McKay 1981). 

The replication region of pSL2, the citrate plasmid of 
L lactis subsp. lactis biovar diacetylactis Bu2, has been 
identified and the DNA sequence determined by Jahns 
et al (1991). This region contains two open reading 
frames (Fig. 1). We have found that the potential trans- 
lation product of one of these open reading frames (Orf 
1) has high homology to the RepB protein of pCI305 
(Hayes et aL 1991) and pWV02 (Kiewiet el al. J993a) 
and the replication protein of other Lactococcus plas- 
mids (Horng el aL 1991; Lucey et al. 1993; von Wright 
and Raiy 1993) and designate this gene repB for this 
reason. Immediately outside the proposed minimal 
repiicon (Jahns et aL 1991) is a region with small repeat- 
ed sequences resembling the ori^n of replication of oth- 
er Lactococcus plasmids (Hayes et al. 1991 ; Horng et al. 
1991 ; Kiewiet ci al. 1993a; Lucey et aL 1993; von Wright 
and Raty 1993). 

We have used a combination of mutagenesis and 
polymerase chain reaction (PGR) subcloning to identify 
the essential elements in the replication region of the 
citrate plasmid of a wild-type L locl/.v subsp. lactis bio- 
var diacetylactis isolated from a commercial mixed- 
strain mcsophilic starter culture. Similarities to the 
replication region of five other Uictococcus plasmids 
and significant differences from the published sequence 
of pSL2 (Jahns el al. 1991) arc discussed. 
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Table 1 Plasmids 



Pbsmid 


iDc^tCription'* 


Soufxu:/ reference 


pV^ III jO 


f\t^-jt^ I 1 1 111 

VJirdte pldSIUltl Ol UOi I.W 


This ytitdy 


pVA89J 


Ery"; replicon-cloning vector 


Macrina etal. (IWl 


plCl9U 


Amp" : lischerivhia coli cioiiing vcclor 


Marsh el al. fl9&4) 


pCl3340 


Cam**; £. vothLaciococctis shuttle vccior 






containing the pCI305 replication region 


Ha>'esetal.n990» 


pNZl8 


Cam"; broad host range vector 


de Vos((987) 


pAK49 


Ery*": pCTU38 doncd in pVA891 


lliis study 


pMPtOI-pMP200 








at varioui» locations 


This study: see Fig. 1 


pKR45-pKR54 


Ery**; pVA891 containing various PCR 
Tragn^nts from the dlrtite plasmid 






replication region 


This study: sec Fig. 1 


pAK5S 


F,ry"; pVA891 conlaining a PCR fragment 
with an amber mutation in the citrate 






plasmid repB gene 


This study; see Fig. 1 


pAKl07 


Amp*^; pICl9H containing the PCR product 






produced with primer 5 and y5-3 


This study: see Fig. 1 


pKR44 


. Amp*'; pICI9H containing the PCR product 






produced with primer 2 and primer 4 


This study; see Fig. 1 


pMP44 


Cam**; pCI3340 conlainbg the citrate plasmid 






repB on a CiahEcoM fragment from pKR44 


This study 



■ Antibiotic resistance markers are designated: Ery'\ erythromycin resistance; Amp**, ampidllin resistance; and Cam**, chlorampheni- 
col resistance 



Materials and metttods 

Bacterial strains, plasmtds and media 

DBl I3S is a wild-type U (aah subsp. lactis biovar diac£tyfacth 
and was isolated from a commercial mixed-strain mesophilic 
starter culture (Flora Danica Normat. Chr Hansen's Laboiatori- 
urn, Horsholm, Denmark) by plating dilutions on modified Lccs- 
mentis niedium (Vogcnscn ct al. 1987; Johansen and Kibentch 
1992ay. This strain ferments citrate and was differentiated from 
Uucono3toe by virtue of its sensitivity to vancomycin (Orbergand 
Sandine 1984), inability to produce gas in MRS medium and 
inability to cleave X-Gal (5-bromo-4-chloro-3-indolyl P-t>-galac- 
topyranoside). The pattern of carbohydrates reimenlcd, tested 
with the API 50 CH system (APF S.A. System, Montalieu-Vcraeu, 
France) confirmed that DBl 1 38 was a member of the genus Lacto- 
coccus. 

MG1363 is H plasmid-frec L iactts strain (Gasson 1983). 
FDIOO is MG1363 containing an odue suppressor (F, Dickcly, 
personal communication). Escfierrr^'a coU DH5a [sup£44 
Utc^Um hsdRll r4rcA\ &idA\ gyM96 thiA relA\ 
a>8(Mfl£rZAMI5] (Hanahan 1983) was used for cloning. £. coif 
strains ER [F* osnA'M asnB32rc//41 spoTl tAM)(van Meyenburg 
ct al 1979) and R594 [FrpsLm RaiK2 go/722 ^of-3350) (Camp- 
ben 1965) were used Ibr yB mutagenesis. Plasmids arc described in 
Table I. 

fMCtooKCUS Strains were routinely ^rown at 3(yC in MH 
medium (Terzaghi and Sandine 1975) conlajning glucose instead 
of lactose as carbon source. E. cofi strains were grown in LB 
medium (Miller 1972) at 37* C. Plates contained 1.2% agar. An- 
tibiotics were u^d at the following oonceniTAiions: for £. coin 
IOO|ig/ml streptomycin, 250pg/ml erythromycin (Ery). and 
SO^^ml ampidllin; for LacincocctLV, 1 jig/ml ciythromycin, and 
5 ng/ml chloramphenicol (Cam). 



Plasmid preparations and transformations 

Digestion with reslrktioo enzymes, ligation, plasmtd prcparaiions 
from £ coU and transformation of E. coli were essentially as de- 
scribed by Sambrook et al. (1989). Plasmid DNA for sequencing 
and eloctroporation was prepared with the Qiagen plasmid kit 
(Diagcn, Dusseldorf; Germany). 

Urge scale plasmid preparation from Urciococats was as dc- 
saibed by Anderson and McKay (I983)i SmaJl^lc preparation 
was by alkaline lysis as described by Israelsen and Hansen (1993) 
with the following modifications ; cells (2 ml) were harvested from 
fresh overnight cultures, sucrose was used at 20% w/v. and potas- 
sium acetate was used instead of sodium acetate. Reagent volumes 
were scaled down proportionately. 

Plasmids were introduced into MG3363 by clectroporation of 
g1>-dtie-grown competent cells (Holo and Nes 1989). In experi- 
ments to test the abUity of plasmids to replicate in MG1363. 
100 ng of pNZI8 (Cam*^) was mixed with 500 ng of the pVA89l 
derivative (Ery") to be tested. Plasmids were co-precipitated mih 
ethanol and rcsuspcndcd in 10 ^1 H.O. After clectroporalion, cells 
were plated on erythromycin and on chloramphenicol. Resuhs on 
erythromycin were only considered valid if a high frequency of 
Cam*^ colonies appeared. 



Construction of pAK49 

A large scale plasmid preparation of DBI138 was digested with 
BnmH\ and ligated to pVA89l that had been digested with 
JSrmrHI and phosphatase treated. Traoslbrmation of DH5a ^ve a 
variety of clones, one of which was designated pAK49 and con- 
tains the entire citrate plasmid, pCTn38. inserted in pVA891. 



Mutagenesis with transposon y5 

Plasmid pAK49 was iRinsfonncd into strain ER, producing strain 
MI^. Liquid maiings between MPS and R594 were done (Miller 
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1972) and rnmsoonjugaiils sducted on LB pUitcs amtaining cry- 
Uiromj-cin and sircpiomycin. Analysis of »00 Iransconjugants 
from five indcpcndcnl malings lpMP10l--pMP200) wveaicd the 
presence ofyS in a variety oflocalions in pAK49. The positions of 
yfi in muuints with inserts in ihc replication region were dcicr- 
niincd by ON A sequencing fsec bctow) and are indicated in Fig, I. 



Polymcfase chain reactions 

OligonucleAlide primers corres pond ing lo n udco lidcs 611-631 
(primer I ; TGAATTCAGAGGTTTOATGACTTTGACC) Hnd 
837-&57 (pritTicr 2: TGAATTCAATCGATGTA CACAO - 
TACGAC) and complementary (o nucleotides 2070-2090 {primer 
3: AGAATTCTGGCAGATATTGTTCAATGGQ. 2341 2361 
(primer 4; GGAATTCCTAACAAAAGACTATrAACGC) and 
854-875 (primer 5; AGAATTCAGTACACAAATACAAAA- 
GTCA) of Jahns cl al. (1991) were syntlicsized by M. Hlom 
Sorcnsen (CarUbcrg Laboratories, Cofipihagen, Denmark) on an 
Applied Rtosystem 380A synthesizer using the manufacturer s rec- 
ommended protocol Primer 75-3 (AGAATTCGTTCCATTG- 
GCCCTCAAACCCq, corresponding to the first and last 25 bp 
of Y& wa&also synthesized. All six primcn contained an EtoK\ site 
at the 5* end to fadlitntc cloning. Mismatch primers (amber 1 and 
amber 2) with two mismatches were also synthesized. The se- 
quence of these is indicated in Fig. 2. Polymerase chain readions 
were done with 35 cydes of 90 s denaiuration at 94** C, 60 s an- 
nealing at 55* C and 60 s elongation at 72° C in a model HBTR1 
ihermaJ reactor (Hybaid« Middlesex, UK). Reagents were from the 
GeneAmp kit (Perkin-Eimer Cetus, Norwaik, Conn.) and Uie tem- 
\Aait was pAK49 linearized with EcoRl. For the construction of 
pKR53 and pKR54, pMPIOl linearized with £foR.V was used as 
the template. 



DNA sequence analy«s 

Sequencing from the ends of 78 into the flanking LactQcocaa 
DNA was accomplished with primers corresponding to nucle- 
otides 5899-5919 (primer GGGGAACTGAGAGCTC- 
TAAAT) and complementary lo nucleotides 84-104 (primer yfi-2; 
CAACATACGAAAGGGTCCCTG) of yS (Gcnhank/EMBL ac- 
cession number X60200). Sequencing was with the dsDNA Cycle 
Sequencing System (BRL Life Technologies, Gaithersburg. Md.) 
following the recommended procedure. Reactions were also doue 



with primer I on pAK49. Computer analysis of the DNA se- 
quences and dcrivvd amino acid saiucnccs wm with the GCG 
softwjire package version 7.1 (UNlX)(Dcvi;rcux ci al. I9H4). 



Tcsl for singlc-strandcd 15NA 

Total genomic Laviocoa ys ON A was prepared using the method 
of Johansen and Kibcntch (I992al» digested with Xba\ and frac- 
tionated in an agarose gel. For dcnuturation. the gel wiis incubat- 
ed 30 min in 0.5 N NaOH, 1.5 M NaCI then neutralized 30 min in 
0.5 M TRIS, 1.5 M Naa(pll 7.5). The undcnaiured gel was incu- 
bated in HjO instead of NaOH, NaO. DNA was transferred to 
GeneScrccn Plus fillers (K.I. dii Pont de Nemours, Ikiston. Mass.) 
by capillary action. Ijibclling of probe DNA and bybridizHtion 
was with the Enhanced Chcroilummescence g^e detection system 
of Aracrsham (Buckinghamshire, UK) following ihc manufactur- 
er's recommended procedure. 



Results 

Constructioii of pAK49 

DBl 138 contains five plasmids including pCTl 138, the 
5.5 MDa citrate piasmid. The citrate plasmid was 
cloned into pVA891 (Ery'^) using the unique BflniHI site 
located in the citrate permease gene (David cl al. 1990) 
to give pAK49. Restriction mapping of pAK49 with 



Fig. 1 Physical and genetic map of the replication region of the 
citrate plasmid from DBl 1 38. Triangles indicate the site of yb 
insertions; open triangles represent insertions blocking reptica- 
tion, chsed triangles insertions allowing replication in MGI363. 
Urns indicate the sequences present in the polymerase chain reac- 
tion (PCR) subclones: mttdiers and arrows indicate the primers 
used in the PGR reactions. Pairs of plasmids differ only in the 
orientation of the ffnidUl fragment inserted in pVA891. Replica- 
tion of these plasmids in MG 1363 is designated -h, the inability to 
replicate the ability to replicate if repB is provided hi nans 
repff^ is truncated repB, lacking 29 bp 
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ambsr 

araber 1 5' AAA C TC TAG A GC AAG TAT TCG 3' 

Ml lit 4 I 4 M ( Ml I I I III 
Ml 1 1 I t * 111 111 Ml 111 

5 ' , . . GAA CTA CAA AAA CTC AAT AGC AAG TAT TCQ ATT 
RepB ... <jlu leu gin lya leu asn ser lys tyr ser iie 
3 ' ... CTT GAT GTT TTT GAG TTA TCG TTC ATA AGC TAA 

IN III 111 ill III III 

amber 2 3' GAT GTT TTT GAG ATC TC G TTC 5' 



Bglll Pstl Xhal Oal fcoRI and EcoRV revealed no 
dilTerences between pCTl 138 and the published map of 
pCT176 (Gasson and Davies 1984). Transforniation of 
MG1363 wiih pA!C49 was efficient {>10' Ery** trans- 
fonmants/jig DNA), yielding transrormants containing 
only pAK49. Digestion of pAK49 purifled from 
NfG1363 with Bell produced three hands, as expected 
from the published maps, indicating thai Lactococcus 
does not have dam mcthylation. 



y6 mutagenesis of pAK49 

F-factor mediated transfer of plasmids lacking a Mob 
site from one ceil to another involves cointegrate forma- 
tion, facilitated by transposon y6 resident on the F-fac- 
tor. Resolution of this cointegrate results in duplication 
of the transposon with the second copy being in the 
transferred plasmid (Berg et al. 1989). The approximate 
location of yS in 1 00 pAK49 mutants from five indepen- 
dent matings (pMP101-pMP200) was determined by di- 
gestion with BamHl and f/mdIII. MuUnts with inser- 
tions in the region of interest were further mapped- The 
precise locations of in 14 mutants were determined 
by DNA sequencing (Fig. 1). Electroporalion of 
MG1363 with these 14 mutant plasmids was carried out 
and the results are presented in Fig. 1. 



PGR subcloning of the replication region 

Primers were designed to allow the production of clones 
containing various components of the replication re- 
gion of pCTU38. After PGR reactions, fragments were 
cloned into the EcoKl site of pIC19H using the EcoR\ 
site at the 5' end of each primer. Tlie pIC19H polylinker 
contains a variety of restriction sites flanked by HindUi 
sites (Marsh et al. 1984). After mapping, the fragments 
were moved to pVA89I as WmdIII fragments. Both ori- 
entations of the inserted HindUl fragment were ob- 
tained in each case. These plasmids were designated 
pKR45-pKR54. The structures of the various frag- 
ments and the results of elect roporation of MG 1 363 are 
shown in Fig. 1, 



Introduction of an amber mutation into repB 

Two mismatch primers that would introduce an amber 
mutation into repB and simultaneously create an Xbal 



Fig. 2 Introduction of an amber midation in tepiS. Tlic primcre. 
amber I and amber 2, are above and below the repB sequence. 
The mismalched base pairs arc indicated by *. The Xha) site 
iniroduccd is underlined and the amber codon (TAG) introduced 
ai codon 1 59 of repB indicaleit 

site were designed (Fig 2). PGR was done with primer I 
and amber 2 and with primer 4 and amber U giving 
fragments of 0.8 and 0.9 kb, respectively. These were 
digested witli EcoRl and Xba\, mixed and cloned in 
£coRI-digested piC]9H. Fifteen of 18 clones analyzed 
had both frdgments, joined at the Xhal site to give a 
I J kb EcoRl fragment. The insert from one such clone 
was moved to pVA89i as a HindlU fragment, produc- 
ing pAK58 which is identical to pKR46 but contains an 
amber mutation in repB (Fig. 1), 

Electroporation of MG1363 with a mkture of 
pNZ18 (Cam"^), and pAK58 (Ery*^) produced Cam"* 
Iransforraants but no Ery*^ transformants. Electropora- 
tion of the nonsense suppressor strain FDIOO with the 
same plasmid mixture produced both Gam** and Ery"^ 
colonies. Analysis of these transformants revealed that 
25% of the Gam"^ colonies were also Eiy**. Xbal diges- 
tion of plasmids purified from FDIOO confirmed that 
pAK58 still contains the amber mutation. Thus, the am- 
ber mutation in repB can be suppressed by the ochre 
suppressor in FDIOO but is not complemented by 
pNZI8. 



Gomplementation of the amber mutation in pAK58 

Plasmid pKR44 ispIC19H containing the PGR product 
produced with primer 2 and primer 4 and is the source 
of the Hindiii fragment cloned into pVA891 to produce 
pKRSl and pKR52 (Fig. I). The insert in pKR44 con- 
tains repB and was cloiKd. as a CM-EcoRl fragment, 
into the shuttle vector pCI3340 (Gam**). The resulting 
plasmid, pMP44, contains the same fragment as that 
inserted in pKR51 and pKR52 except for a few base 
pairs of plGl9H polylinker. 

Eleciroporations were done with mixtures of pAK58 
and pMP44 or pAK58 and pGI3340 selecting for Gam*^ 
and Ery*^. When pAK58 was mi.^ed with pC13340, 
colonies appeared on chloramphenicol but not on ery- 
thromycin plates. Thus, pGI3340 cannot complement 
the amber mutation in repB, When pAK58 was mixed 
with pMP44, colonies appeared on both chlorampheni- 
col and erythromycin plates at a frequency of approxi- 
mately lOV^g DNA. Analysis of plasmids from Ery*^ 
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\ 100 
pCTIISa CCTATUTAT ATTTATCATA TATATTTTAA TCTTTTGTTC TT1TG0GTGA AAAAAAA6GC ACTCTTTTCG CTAGUATAG AAATTAAACA GTCACAAAAA 

pSLZ CCTAnATAT ATTTATCATA TATATTrTAA TCTTTTGTTC TnTGCGFSA AAAAAAAGGC ACTGTTTTCG CTACTTATAG AAATTAAACA GTCACAAAAA 
672 771 

101 1S1 
pCT113B TCGATCTATA GAGTCACAAA A ATC6AIC TATA.GAGTC ACAAAAATCG ATCTACACAG CAC&ACTTTf GTATTTGT6T ACTC 

# **M««*** ********** *** * * 

pSLZ TCGATCTATA CACTCACAAA AATCGATTTT TCTCACICTA TGCATCGATG TATACGACTC ACAAAAATCG ATGTACACAG TACGACTTTI GTATTTGTGT ACTC 
772 8A 

Fig. 3 Nucicoiidc sequence of ihc pCTHJS replicaiion ori^n and comparison to pSL2 (Jahns et al Differences arc indicated 
by *. The GcnBank;EMBt actxssion number Tor the nuclcotklc sequence of this region of pCTI 1 3S is L27067 



PCT1138 


1 KP101 

OCTATTATAT ATTTATCATA TATATTTTAA 


TcnrrcTTc 


TmOCGTGA 


AAAAAAAQGC 


AGTCTTHCG 


MP158 
CTA6TTATAG 


100 

AAATTAAACA GTCACAAAAA 


fCim 


CCTAHATAT ATTTATCTTA TATATTTTAA 


TCTTTTATTC 


TTTTGCCTCA 


AAAAAAAATC 


AATATTna 


AGQCTTTATA 


GAATTATATA CCAACAAAAA 


pCl52fl 


....... > > 

CCTA.TATTA AHTATCATA TATATTTTAA 


TCTTTTCnC 


TmcccrcA 


AAAAAAACTT 


ACTAnnTA 


AQSGGTTACA 


GAATAATATA GCATAAAAAA 


pSKllL 


CTTTTAATTA THTATAHA TATATTTTX 


TCTTTTerrc 


TTTTCCCAAA 


AAAAAAATa 


AGTCHTGCA 


ACGGCTAACA 


CGATTATAGT CCTACAAAAA 




CCTA.TATTA AHTATCATA TATATTTTAA 


TCnnATTC 


TTTTGCGTGG 


CAAAAAAGTC 


AGXaTTAAA 


GGTGGATACA 


GAATTATAfiC GTATGAAAAA 




CCTA.TATCT ATTTATCATA TATATTTTAA 


TCHTTA-TC 


TT1TGCGTCA 


AAAAAAAGTC 


AfiTGGTAGCA 


ACGCTATGCA 


GAATTAAACA GTCAfiAAAAA 



101 lf»170 ♦ + * -35 ipt43 -10 m 

pCTim TCGATGTATA GAGTCACAAA AATCGATCTA TAOAGTCACA AAAATCGAT6 TACACAGCAC EACTT TTGTA TTTGTGTACT GTATATA... G TATAATA AA 

> >- " > 

pCl3aS ACTGTGTATA TACCAACAAA AAACT6TGCA TACACCAACA AAAAACTGTC CATATACCAA aTCTTTGTT IGUTCGnG GTATATAATG ATATAATA AA 

" >- >- > 

pC1528 ACTGTGTATA TAGCATAAAA AAACTGTGTA TATAGCATAA AAAAACTSTC TATATAGOAT AAAAAAATCA TCATTTTATG CTATAHATG ATATAATA AA 

> > > -> 

pSntL ACTCTCCATA GTCCTACAAA AAACTGTGTA TAGTCaAU AAAAACTGTC TATACTCCTA CAACTTATH SIglTTGTAG GTGTTTCGTG TTATTATT TA 

> > — ^, > 

(MSAO ACTGTGTATA GCGTATGAAA AAACTGTGTA TAGCGTATGA AAAAACTGTfi TATAGCGTAT SAAAAAACTT GATACATATA OGGTAnCTG ATACAAT AAA 
> > > > 

PUVD2 ACTGTGTATA CAGTCAGAAA AAACTGTGTA TACACTCAGA AAAAACTGTC TATACACTCA GAAAAAATTG fiAgAAaGAC TaXTTTTGA TATAAT AAAA 



198 HP m zrs 

PCT1138 AGCATAGAGA AAACTCACTA TGAAATGAn TTCTCTATGC TACTACTAAA ACACGCAAAfi GAGCGTATTT ATACTATG. 

pClSOS AGCAT.GAAG AATCTCTCTA CGAAAAGTCT HCTTCATGC HATCTAAAC TCACTCACAA AGGASCACTT HCTATG,. 

pCl528 AGTATGAAGA ACAAACrm CAACGAGAAT TTCTTCATAC TTACHATGA ACACGCAGAG GAGCGTATO TTATG..., 

pStllt TTTAAATCAT AAAAfiGAGTG GATTATG 

fMSiO AGCATAGAGA AATCGACAQC GAAJlTCAGT HCTCTATGC CTACHAAAA TCACTCACAA AGGAGTAACT TTCTATG.! 

fAfVD2 AGCATAGAGA AATTGACTOG CTAAAGATTT TTCTCTATGC CTATHAAAA ACACTCACAA ACGAGTATTA CTATG 



transformaiUs revealed that ull 20 of the transformants 
tested had both pAK58 and pMP44 and that the amber 
mutation was still present in pAK58. From this, we con- 
clude that pMP44 produces an active RepB protein; 
that this protein acts in trans to allow replication of 
pAK58; and that the inability ofpKRSl and pKR52 to 
replicate in MGI363 is not due to the introduction of 
mutations in rcpB by errors in PGR. 



fig. 4 Comparison of the replication origins of six LacroctKats 
plasmids. Nucleotide numbers above the sequences are for 
pCTll38. All sequences end with the start codon for the Kcp 
protein. Anvws indicate the small direct repeats and tandeno re- 
pctiU. The -35 and - 10 regions of (he potential promoters are 
uiidcrUneti Insertions of in this region arc indicated by (he 
plasm id name (prefix MP) above the 5 bp duplicated upon inte- 
gration of the tf^nsposon. The 5* end of the dirate plasmid se- 
quence included in PCR primer 2 is indicated with ^ The locu- 
tions of the additional base pair^ in pSL2 are indicuted with + 



Cloning of ihc ciiraie plasmid replication origin 

PCR was carried out on pMPlOl DNA with primers 
y5-3 and primer 5. This allowed amplification of a frag- 
ment containing 25 bp of DNA and 179 bp of citrate 
plasmid DNA with £caRl sites at both ends. This frag- 
ment was clotted into p!C19H to produce pAKIOT and 
then moved into pVA891, as described above, to pro- 



duce pICR53 and plCR54, which dilTer only iu the orien- 
tation of the HindlU fragmcnl inserted in pVA89L 

The DNA sequence of the insert in pAK i07 was de- 
termined using the direct and reverse sequencing 
primers of Boehringer-Mannheim (Mannheim, Ger- 
many >. No PCR-induced alterations were detected. The 
sequence of the pCTl 138 DNA on this fragment and a 
comparison with the corresponding sequence from 
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1 99 

pCni3B .KIIPQCXMK QKOVLTLNEL ETRICWBUU LIOSUAKM TMJnFHAV SCtDIEOTIC KNTVYLLCSE LFKf fEVS» SCHSQKEAV NYmKQAFfN 

pci3t5 HSSisnm anwoTua skrkwbws lusiaicnmc TPimm/v scimigeppk mtvylskec LFAFnevsou dichsrfx!dav amamFFQ 

pCISZa HSIlTEFEni (KQVKAUCL SmWVEHMS LITSIAODC TPUKFaAV SCIHTEAPPT WTVYLSnE LfAFHCVSOM OKHSIHCQAV BOVKQMfH, 

pSmiL NQKlDTCati KN....IOEI SSRJCmEBia) LISSVAKHUC fPUOlFBAV SCIOTMm MIVaSKKE LFTFFOVSON OKHRRFKEAV anoCO^fR 

pWSM NSIlPEXm QraVLTUIEL SOnVEIMS LlTSUUCm TPUKFHAV SCIfflSPPK DVTVrLSKRO LFAFRCVSOfl DCKSKFKRW EKWKlttfFa 

fMVOZ NPSlAaoaai QKOVLTLIEI aCRKWEtmS IITSIJUOOK TPUmmV SCIHIEEPPK miAVYLSCeC LfTFFKWDOll OKHSRFKQJIV AKNOEQAFm 

consensus o..! n <^..liiEl skRKWEHN. U.SJUCMdC TpUMFEUV SCKTe.PPK d.tVytsK^e tF,FF.Vsdh cKHsTFICq^V ^NO.ttFF. 

too a 199 

paitSa lOOKOGIE TESSVPim OOlDYIIOEVr ISfDQftlMPt LIOLKAEFTa fCISaoaN SCySIILTKtf LSnmUQTEH YSVKGGRRVE QVESTRKPSI 

PCI3Q6 tKEEVGKfiFK FKSIVPim BfreTBOOVK tCFHBElHPT LimJOMFra KALSDIAEU SnrSIILTO tSHKTMOTEfl YSYKQGRREE OVEATRKPTI 

IICI528 EOEKKEYGFE FENIVPIPW OMDTHDEVT ISFSPEIMPY limXQHFTQ HAISOUELN smilLTIOf LSNmnTEH YSJUCQOtRBE QVETTRllPPr 

pSCtiL ICEDCntGFK FKRIVPIPW aflDTirOCVL IRFmiKPY LlOUUnO YAlSOIMBJi SKTSIILYOI FSMSTNOFEM YQIYKnBTKK QLEDTKSP8I 

pVS40 tKEEQGEGFK FKSIVPIPYV EUTDTiOeVK tEFHSEfKPT LTULKaFTQ HAiaiUEUi SCYSIILYHtf LSNOritQTEH YSVKGdOUE QVCAYIt«>5X 

pUVOe IKEaunCfiFK FRRILPIPTV EtfTDTDtNCVN ISFMODUtPY LIONEMFSK YALSEIKELN SCTSIILYW LSMKYNQTCH Y»IKG6nUE QVESYRDPSX 

consensus llce....Gf, ...IvPIPyV .U.OY.O.V. I.F...IIQ>r lKU.nFtq .a.S.f.eLH STTSIILY.U ISNnYltOyEH Ys.KogRr.e OvE.Tr.P.I 

200 290 

pal 138 KVICaRElTD YIKEKQHFPH FCTSVUBAI EEtNUTSFH VTYEXK»GR SIlkSIVFIIlE KOimOORST KLCDXPYOOO nOKtaVGUi LLKQKMESKY 

PCI305 SmaRBlTD TWETPflRMt LEBRVLIOEPI EEIItaTSFI VTYMCICCGR SXDSIVFRIT UatRJUXmSY aCDKDYQSO KEEKSRMEW LUCOAKESICV 

fCISZa SIRaROTD TMIDYPRFOS lESTirmSL KEIMQITSFC VTYBCVKKSI SI«S|VFBIT OKRADOIISr KmHCVTOKA KVOKEOXBH. LVAEAmsrr 

pSKIIL nSDUUELTD TVD0Y5RFDN FEOtVIIDM KEINSFTHFK VEVXTtKICGR SIDSIQFUV KKJUIUKDBIT JCRWVIWILT SONCUflHaV WtMKtmf 

(WS40 SIKELRJITD TVHSYKOFTIt FNRDVUm. OEINAMTSFH VTYDaKKGR SIDSIVFBIE KKSMADOflST KUHNtATQED OMMEWOQ LVLQMIOSPV 

pUVOZ SVUBLRTITD TUXEYRMFPH FEUtflUXPL EEtKjUITSFfl VSTBCIKKCR SIOStVFBIE OUCUOIfSY KLEDQITCEG KKAKEEfEKD LYTESNQSPY 

consensus ..keLR..TD T...y..F K... .EIN..TsFn V.V.K.ielcCB SXdSIvFVK KXr.aifinsY Kl.D..yq.. k..k...e.. l...flin.s.y 

300 ♦ ♦ A 385 

pai138 TRLLSEHFLI GMSDIIDTAT NWaCKHVYP LYOaiCEUtG LKVlOKlLSr VASOEAYS. .mVACTUC aiEQU.PT VOtODUUE 

PCI305 TKLLIEHFLL Sn.£KTDTAL NAfiLQKNVYP LVDEUQELRG UKVKDHLST XSSOEAYS. JOUmUCYUC aiEOfYL.PT VKRQDUttlE 

PCI52B TKLLLEaPLL SPTEHTHPAT fMGLiOlMVrP KYDEUCDUIS IDGMKBLSY lYDXiaEPTS. .BSHIAKYU miEOTL.PT VUSia 

pSKlU maiMSSLL YATOIANOOT ILELAESVKP WDKLVXELG QMLEnnSY VRRDMrTSli INOailVXnS ISMOOnKPIt LSmNOE 

fNM TiaiMSiaL SYlDUDKn lAGLOaVYP LYDEUmUtG URmamLST VASnZAYS. .KRHVAKYU ICAICSa.PT VKLQDtEQPE RAmCKGAS HE 

fAMKZ mLSBMLL FPKDFNDIKT HAGLQOIVYP LYDEUDLRG UIQVKDHLSY VSSnffiDYS. .KRHVAKYU TAIEQYL.PT VKRQDL 

consensus T.lL.c.Lt flLq.r«fyP .YDcU.l.G ..gvk.HlsY ...K.cYS* .K«N.^KYUc .aieOTL.Pt vlc.q.l 



pSL2 is shown in Fig. 3. The firsl 2 bp aclually derive 
from y5 in the PGR clone, but are identical to those 
normally present at this location in the citrate plasmtd 
(Fig, 4). 

The ability or this fragment to allow replication was 
tested by electroporation of MG1363 with a mixture of 
pKR53 or pKR54 (Ery»*) and pMP44 or pCI3340 
{Cnm^y When pKR53 or pKR54 was mixed with 
pC13340, colonies appeared on chloramphenicol but 
not on erythromycin plates, indicating that pKR53 and 
pKR54 cannot replicate alone or in the presence of 
pCI3340. When pKR53 or pKR54 was mixed with 
pMP44, colonies appeared on both chloramphenicol 
and erythromycin plates at a frequency of approximate- 
ly 10-/Hg DNA. Plasmid analysis revealed that the Ery'* 
isolates contained both pKR53 or pKR54 and pMP44. 
Thus, when the appropriate RcpB protein is provided 
from another replicon, the citrate plasmid sequence pre- 
sented in Fig. 3 is suflicient to allow plasmid replication 
in MG1363. We conclude that this sequence includes the 
origin of replication of pCTI 138, 



ONA sequence analysis 

Sequencing from yS into the flanking Lactococcus plas- 
mid DNA revealed significant differences from the pub- 
lished sequence (Jahns et al. 199 1 ) in two regions. Nucle- 
otides 793^14 and 826 of the published sequence are 
absent in pCTI138. Also» two single base-pair differ- 
ences were found (Fig. 3). This region was sequenced on 
both strands from three insertion mutants, using the 



Ftg. S Alignment of the amino acid scijucncc or the Rep protein 
of six Lactococcus plasmids. Amino aad numbers above (he se- 
quences arc for pCTI I3S. In (he consensus, upper case letters are 
for amino adds conserved in al! sis plasmids, hwer case ietters 
represent amino acids conserved in five of the plasmids. The point 
of divergence of pCTl 138 with (he published sequence fJahns el 
al. 1991) is marked *; Uic divergence caused by 76 in pMPI 12,+: 
the divergence caused by the deletion in pKR47-pKR50. A; and 
the asparagine residue replaced by an amber codon in pAK58. a 

transposon primers and pAlC49 with PGR primer 1. 
Nucleotides 20I3-20I7 are five A residues according to 
Jahns et al. (1991). Wc find however that there are actu- 
ally six A residues in this region. This frameshifl extends 
repB and results in the amino acid .<;equencc Indicated in 
Fig. S. This dilTercncc was seen in mutant as well as 
wild-type plasmids. 



Test for single-stranded DNA 

Filters containing denatured and undcnatured total ge- 
nomic DNA from DB1138. MG1363 and MGI363/ 
pNZ18 were probed with a mixture of pAKSR and 
pNZI8 (Fig. 6). No hybridization to MG 1363 was seen. 
Hybridization to the 1.6 kb size standard was due lo 
homology to the pVA89l pari of pAIC58 (not shown), 
MGl363/pNZIIS gave a single band when not dena- 
tured and multiple bands when denatured. The band 
common to both hybridisations must be the single- 
stranded pNZl8 replication intermediate, while the ma- 
jor band seen upon denaturaiion is linearized double- 
stranded pNZIS. Identical results wei^e obtained when 
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Denatured Not Denatured 

Fig. 6 Hybridization of denatured and undcnaturcd iota) 

ic DN A with a mixture oT pNZlS and pAK58. Sizes are csiitttated 

from a i kb ladder size standard 



pNZ18 alone was used as the probe (not shown). Hy- 
bridization to DB1138 was only detected when the 
DNA was deitaiurcd; no hybridization to undcnaturcd 
DBl 138 occurred. The major band is the 4.4 kb Xbal 
fragment containing the dtrate plasmid replication re- 
gion; the remaining hybridization could be to the repli- 
cation region of other pJasmids in DBl 138. In any case, 
under conditions where the single-stranded replication 
intermediate of pNZ18 was detectable, single-stranded 
replication intermediates of the citrate plasmid could 
not be detected. 



Discussion 

Wc have genetically analyzed the replication region of 
pCTlI38, the citrate plasmid of L lactis subsp. iactis 
biovar diacetylactis strain DB1138 with the goal of 



defining its essential features. The DNA sequence of the 
corresponding region from pSL2, the citrate plasmid of 
strain Bu2, has been published (Jahns el al. 1991 }. Signif- 
icant differences from this sequence were observed in 
two rpgions. Ore difference affects the structure of the 
putative origin of rcpKcalion. The other difference re- 
sults in an increase in the s\7G of the potential protein 
coded by repB and increases the homology to similar 
proteins. No additional differences were detected in this 
region (bp 1360-2280 of Jahns el al. 1991). 

Common features of the replication origins of 
pSKlJ L and pCI305 have been described (Homg ct al. 
1991). Both plasmids contain a pair of short direct re- 
peats containing only A and T residues, separated by 
3 bp. These repeats are 10 bp long in pCI305 and 1 1 bp 
in length in pSKI I L As illustrated in Fig. 4, pCTl 138 
has 10 bp imperfect repeats (one mismatch) separated 
by 3 bp. Both plasmids have a 22 bp sequence tandemly 
repeated 3.5 times. The citrate plasmid of DB 1 1 38 has a 
22 bp sequence repeated 3 times. The distance between 
the small direct repeals and the 22 bp tandem repeats is 
55 bp in pSKllL and 57 bp tn pCI3 05 andp CT1138. 
This interval contains the sequence TCTTTT repea^d 
twice and a string of A residues. Insertion of yS into this 
57 bp interval in plasmid pMP158 (Fig. 4) prevents 
replication, presumably by destroying an essential 
structure or increasing the length of this interval to over 
6 kb. Insertion into one of the 22 bp tandem repeats in 
plasmid pMP170 also prevents replication in MGI363, 
as does elimination of the tandem repeats and upstream 
material in pKR51 and pKJl52. Insertion immediately 
upstream of the short direct repeats (pMPlOl) has no 
effect, delineating the leR end of this structure. The in- 
sertion in pMPI43, downstream of the tandem repeats, 
does not affect replication, delineating the right end of 
this structure. Thus, the region between the yS inser- 
tions in pMPlOl and pMP143 is essential for replication 
in MG1363 and probably represents the origin of repli- 
caiion. This was confirmed by demonstrating that this 
region, in clones pKR53 and pKR54. was suffident to 
allow plasmid replication when the citrate plasmid repB 
gene was provided on another replicon (pMP44). A sim- 
ilar ori^n struclurc exists in plasmids pVS40 (von 
Wright and R§ty 1993), pWV02 (Kiewiet ct al. 1993a) 
and pCI528 (Lucey et al. 1993). These sequences are 
aligned in Fig. 4. None of these plasmids contain the 23 
additional base pairs found in {iSL2 (Fig, 3), su^esting 
that pSL2 is atypical. 

Jahns el al. (1991) cloned the Ery*^ gene of pVS2 into 
the Clal site of the citrate plasmid. pSL2, to construct a 
plasmid designated pSL2E2. Deletion derivatives of 
pSL2E2 were made In vitro and al least one of these was 
found to replicate in Lactococcus. The 22 bp tandem 
repeat sequence of the citrate plasmid contains a Clal 
site so the construction of pSL2E2 should have de- 
stroyed the replication origin by eliminating all but one 
copy of the repeat sequence. Subsequent deletions 
would remove most of this remaining repeat sequence, 
the small direct repeats and the intervening 57 bp. Since 
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DNA sequence data is not presented for these Ueriva- 
livcs, it is inripossible lo reconcile this obscrvaiion with 
our nnding (hat this region is essential Tor replication in 
MG1363. 

Immediately dcwnslreain from the tandem repeats is 
the coding region for repB and its promoter. A y5 inser- 
lion t)ctween the -35 and the — 10 region of this pro- 
moter in pMPl43 has no cITecl on replication. Perhaps 
the transposon sequence TTGGCC, 10 bp from the end 
ofyS and 17 bp from the - 10 region, is an acoeplable 
-35 region. Outward facing -35 regions on transpos- 
able elements have been described previously (Galas 
and Chandler 1989), and also in lactic acid bacteria (Jo- 
hansen and Kibenich 1992b). The insertion in pMP!94 
separates the promoter from the coding region, yet has 
no effect on replication. Possibly the -35 region on the 
transposon combined with the sequence TAAAAC 
18 bp downstream produces a functional promoter. Al- 
ternatively, a sequence on y5 may act as a promoter in 
Lactococcus. 

repB codes for a protein highly homologous to (he 
RepB protein of pCI305 (Hayes el al. i991) and pWV02 
(Kiewiet ct al. 1993a), the Rep protein of pSK^llL 
(Horng el al. 1991) and the putative replication protein 
of pCI528 (Lucey et al. 1993) and pVS40 (von Wright 
and Rity 1993), These sequences are aligned in Fig. 5. 

Mutations in repB prevent replication in iVfG1363 
(Fig. 1), indicating this gene to be essential. An amber 
mutation in repB blocks replication in MG1363 but 
not in an ochre suppressor strain. Thus translation of 
repB is necessary for plasmid replication. The RepB 
protein of the citrate plasmid, provided in trans by plas- 
mid pMP44, complements the defect in pAK58. The 
RepB protein of pCI305, provided in trans by pCl3340, 
does not complement the amber mutation in pAX58 in 
spite of the structural similarity. This specificity indi- 
cates that the differences in the sequences of the various 
replication origins and the RepB proteins are signiH- 
cant. 

Since the PGR primers were designed based on the 
published sequence, primer 3 actually lies within the 
repB coding region. Amplification using this primer will 
give clones in which the carboxy-lerminal ten amino 
acids of the RepB protein have been substituted by five 
amino acids coded for by the pIC19H polylinker. 
Clones pKR47 and pKR48 contain such fragments and 
replicate in MG1363. These plasmids are, however, 
readily lost in the absence of antibiotic selection and 
have a reduced copy number compared to clones with 
the complete RepB protein (e.g. pMPl02, pKR45 and 
pKR46,data not shown). The insertion in pMPU2 pre- 
vents replication and causes substitution of two yS-cn- 
coded amino acids for 13 carboxy-tcrminus amino 
acids. The difference between the effects these two muta- 
tions have on the ability to replicate could be due to the 
resulting amino acid sequence or the size of the resulting 
protein. 

No homology between the potential Orf 2 protein 
and the protein sequence data bank was detected. Inser- 
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tions in Orf 2 in plasmid pMPI02 or deletion of the 
entire open reading frame in plasmids p[CR47 and 
pKK48 did not prevent replication. Thus, Orf 2 is not 
essential for replication of the citrate plasmid in 
MG1361 

Based on our data, the complete minimal replicon for 
the citrate plasmid of DBl 1 38 extends from nucleotide 
672 lo 2l90(Jahns el al. 1991) and contains the origin of 
replication, a promoter and a single open reading frame. 
repB, The carboxy-terminus 29 bp of repB can be delet- 
ed, producing a plasmid replicating with reduced copy 
number. 

Lactococcus plasmids are divided into two groups 
based on their mode of replication. One group replicates 
by the rolling-cifdc method and is characterized by the 
accumulation of single-stranded DNA intermediates 
(Gruss and Ehrlich 1989). The other group does not 
accumulate single-stranded DNA and replicates by 
theta replication (Hayes et al 1991; von Wright and 
Raty 1993. Kiewiet et al. 1993a). No singte-stranded 
DNA could be detected in DBI138 when the citrate 
plasmid replication region was used as a probe. Similar 
results were obtained for three other plasmids with 
replication regions similar to that of the citrate plas' 
mid (pCI305. Hayes el al. 199 1 ; pVS40, von Wright and 
Raty 1993; pWV02, Kiewiet et al 1993a). These results, 
combined with the lack of significant homology be- 
tween the citrate plasmid replication region and plas- 
mids utilizing the rolling-circle method of replication 
(e.g. pWVOl, Leenhouts et al. 1991; pC194» Gros et al. 
1987), suggest that the citrate plasmid replicates by 
theta replication. 

Recombinant plasmids using theta replication have 
higher structural stabitiCy in Lactococcus than those us- 
ing rolling-circle replication (Kiewiet et al. 1993b). Thus, 
the citrate plasmid replication region is potentially use- 
ful for the construction of food-grade cloning vectors. 
The knowledge, provided here, of the essential elements 
in this replicon will hdp in these constructions. 
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